ABSTRACT⎯In this letter, an ordered successive interference cancellation (OSIC) scheme is applied for multiple-input multiple-output (MIMO) detection in ultra-
Performance of the ZF detector is known to be similar to that of the MMSE receiver at high signal-to-noise ratios (SNRs). This work focuses on the analysis of a ZF related scheme. In this letter, we present the error performance of a ZF scheme with an ordered successive interference cancellation (OSIC) for UWB SM MIMO detection in a log-normal fading channel. We analytically investigate the theoretic bit error rate (BER) performance of the ZF-OSIC architecture followed by RAKE combining, called a ZF-OSIC-RAKE, in an UWB SM MIMO receiver. The diversity order that the ZF-OSIC-RAKE offers for detecting the n-th transmitted data stream is obtained for UWB MIMO systems. It is also seen that the ZF-OSIC-RAKE scheme outperforms the ZF-RAKE.
II. System Model
A multiple antenna UWB communication system with N T transmit and N R receive antennas R T ( ) N N ≥ is considered. Independent N T data streams modulated with the pulseamplitude of a short-duration UWB pulse are sent on different transmit antennas. To avoid severe intersymbol interference, we assume that the pulse repetition interval is sufficiently large compared with the channel delay spread. We also assume that the signals put through the multipath channel, and only L resolvable paths for the symbol-by-symbol detection are exploited by the receiver at each receive antenna. The received signal of the l-th propagation path at the m-th receive antenna denoted by x m (l), 0,1, , 1 l L = − , can be obtained by passing through a UWB pulse matched filter. The discrete-time received signal vector,
at the matched filter output for the l-th path can be written as 
, is the channel coefficient of the l-th path for the signal from the n-th transmit antenna to the m-th receive antenna. It is given by ( ) ( ) ( )
with equal probability is a discrete random variable (RV) representing pulse-phase inversion, and g mn (l) is the fading magnitude term with a log-normal distribution.
III. Ordered Successive Interference Cancellation
In the ZF-RAKE examined in [1] , ZF detection is performed by the filter matrix In a ZF-RAKE, a bank of separate filters has been considered to estimate the N T data substreams. However, the output of one of the filters can be exploited to help the operation of the others. In the OSIC technique [5] , the signal with the highest post-detection SNR is first chosen for processing and then cancelled from the overall received signal vector. This reduces the burden of inter-channel interference on the receivers of the remaining data substreams. To apply OSIC to the ZF-RAKE architecture for multipath channels, the OSIC procedure for each path is performed prior to RAKE combining. The zero-forced signal is first obtained in the detection step of each propagation path signal. Then, the zeroforced signals are combined to detect each substream. This detection scheme is called a ZF-OSIC-RAKE. The OSIC algorithm for the l-th path signal is shown in Fig. 1 . Here, Fig. 1 . ZF-OSIC algorithm for each path in ZF-OSIC-RAKE.
Permutate the elements of ( ) (
according to the original sequence 1, 2, , . To obtain the single zero-forced signal of the l-th path signal in OSIC step i, the row of F ZF, i (l) with the minimal norm is chosen. After getting the zero-forced signal vector associated with each multipath component, we reorder the elements of the zero-forced vector according to the original sequence of the transmitted data streams. Then, RAKE combining of the zeroforced signals is accomplished to detect each data stream and leads to obtaining a DV for each transmitted data stream. The DV of the RAKE combiner output for a particular bit of the n-th transmitted data stream can be written as (2) .
The instantaneous SNR n γ of the DV of the RAKE combiner output for a particular bit of the n-th data stream is given by , the average BER for a particular bit of the n-th transmitted data stream over log-normal fading channels can be calculated as
To derive the average BER in a closed form, a tightly approximated expression of Q-function such as ( )
( 1 12 
By using (3) and (5) in (4), the average BER for the ZF-OSIC-RAKE expressed in a closed form can be obtained as
Here, ( )! ⋅ is the factorial defined as ! ( 1) 
IV. Simulation Results
Consider the binary PAM scheme (E s =E b ). In the simulations, the SNR per bit in decibels is defined as
The log-normal fading amplitude g(l) can be expressed as Fig. 2(a) shows the analytical and simulated BERs of the ZF-RAKE and ZF-OSIC-RAKE as a function of SNR per bit in decibels. The analytical results are similar to the simulated BER performance and demonstrate the performance boost in using the ZF-OSIC-RAKE over the ZF-RAKE. This boost in BER performance comes from a power gain due to the increase of diversity order in each increasing cancellation step. Also, multipath combining yields enhanced performance in both ZF-OSIC-RAKE and ZF-RAKE. In an (N R , 4, 4) case, Fig. 2(b) shows the analytical and simulated results of BER as a function of SNR per bit for various N R . The increase in N R increases the diversity order of the ZF-OSIC-RAKE receiver as well as that of the ZF-RAKE.
V. Conclusion
